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ABSTRACT

Recent rapid development of Internet-based computer technologies has made possible
many novel applications in radiation dose delivery. However, translational speed of apply-
ing these new technologies in radiotherapy could hardly catch up due to the complex
commissioning process and quality assurance protocol. Implementing novel Internet-based
technology in radiotherapy requires corresponding design of algorithm and infrastructure
of the application, set up of related clinical policies, purchase and development of soft-
ware and hardware, computer programming and debugging, and national to international
collaboration. Although such implementation processes are time consuming, some recent
computer advancements in the radiation dose delivery are still noticeable. In this review, we
will present the background and concept of some recent Internet-based computer technolo-
gies such as cloud computing, big data processing and machine learning, followed by their
potential applications in radiotherapy, such as treatment planning and dose delivery. We

Big data will also discuss the current progress of these applications and their impacts on radiothe-
rapy. We will explore and evaluate the expected benefits and challenges in implementation
as well.

© 2017 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
- We will also review the general procedure and discuss the
1. Aim

difficulty to implement those novel technologies in radiation
cancer treatment. The impacts and challenges of using the

The aim of this paper is to review some recent Internet-based
computer technologies, such as cloud computing, big data
processing and machine learning, and their potential applica-
tions in radiotherapy. The concept and recent progress of the
above technologies will be illustrated and their implementa-
tions in radiotherapy, in particular treatment planning and
dose delivery, will be explored. We will review some examples
of application and their benefits to the radiation dose delivery.

above technologies in radiotherapy will be discussed.

2. Introduction

Computing devices are machines which can carry out logi-
cal operations automatically based on an input program or
code. Because of this special ability, computers have been
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used world-wide as a control console in various industrial
and health systems. The use of computers to replace humans
for routine jobs can save human resources, increase produc-
tion speed and reduce human errors. Computer hardware is
making rapid advancement. The well-known Moore’s law pre-
dicted that the number of transistors in a dense integrated
circuit doubles about every two years.! Although nowadays
this law has issues regarding some novel developments in
mobile devices and data centers, the speed of computer
technological advancement has been huge in recent years,
resulting in many new applications in radiation dose delivery.

In radiotherapy, the typical treatment chain includes
diagnosis and consultation, patient positioning and immobi-
lization, computed tomography scanning or simulation, target
and critical organ contouring and treatment planning, patient
setup verification, and dose delivery. Computer is used in
every component of the chain to perform hardware control,
dose calculation, image processing/registration, data manage-
ment and communication. Such radiation treatment chain
is closely monitored by a quality assurance system, a pro-
gram to control and maintain the standard of quality in
the treatment to prevent error. With the increase of com-
puting speed due to the innovation of parallel processing,
dose calculation time in treatment planning is reduced.’*
This shortens patient treatment time and, thus, increases
patient throughput. Increasing computer speed also makes
real time image processing/deformation possible. This ben-
efits the quality assurance in patient setup before daily
treatment using various imaging modalities (e.g. computed
tomography, magnetic resonance imaging and ultrasound) in
image-guided radiotherapy.”~”

Some computer applications in radiotherapy, such as par-
allel processing and grid computing, have been making stable
progress since they were applied to radiation dose calcula-
tion in treatment planning.®"'! In this review, we will focus on
some recent Internet-based computer technologies with abil-
ities beyond general hardware control and computing. These
technologies include cognitive computing and big data with
innovations engendered by the recent rapid developments of
information technology and artificial neural networks.

3. Cloud computing

In the past, when Internet was less developed and access to
the Internet was less popular, individual users had to pur-
chase their workstation hardware and software as per their
need to carry out computer tasks. They not only had to spend
money and time on upgrading the data storage and software,
but also needed to bear the risk of computer system shut-
down and response for the repairing and maintenance. Data
sharing between users was limited at that time due to the
lack of Internet infrastructure and low data transfer speed.
Since the introduction and application of the TCP/IP protocol
in networking, Internet became more popular and triggered
the development of web-based application.'? Cloud comput-
ing is a web-based technology where users share hardware
and software in the cloud. Individual users only need to con-
nect to the cloud, covering all complex network elements for
simplicity, from their local workstation through the Internet,

and they can perform different computer tasks according to
their needs.'* This cloud is offered by some service providers
such as Amazon Web Services™, Google Compute Engine™,
Windows Azure™ and Aruba Cloud™, which employ a “pay
as you go” model. The users pay for running their computer
task as per its size of database, required number of compute
nodes (processors) and length of computing time. Using cloud
computing, users do not need to take care of the related hard-
ware and software update, repair and maintenance because
the service provider will handle them. This “pay as you go”
approach also ensures the flexibility for the users to manage
their budget so that more effective resource allocation would
be possible.

The cloud provides different software and platforms to
support application, database for storage, compute nodes for
calculation and system infrastructure development. Specific
applications tailor-made by the user are possible using the
infrastructure development platform provided by the cloud.
Basically, cloud computing provides the following service
models: software as a service (SaaS), platform as a service
(PaaS) and Infrastructure as a service (IaaS). The SaaS model
only provides the users with applications running on the
cloud. The users can access the above applications through
a web browser but they cannot manage the underlying
infrastructure. Web-based email is an example. The PaaS
model, however, offer a platform with programming lan-
guages, libraries and tools so that users can create and develop
their own applications. However, they still cannot control
the underlying infrastructure, including the operating system,
network and storage. To control provision processing, data
storage and computing resource to run arbitrary software,
users need to use the laaS model which offers the comput-
ing infrastructure. Examples of IaaS include Amazon EC2™,
Windows Azure™ and Google Compute Engine™. The cost
efficiency of using cloud computing in radiotherapy can be
demonstrated by an example from proton treatment planning.
In a proton therapy center, if each patient plan needs about
100h of computing cluster time and there are 1,000 patients
per year, the total CPU time is 100,000 h. Assuming a three-year
life time of the computing cluster with cost equal to $1,000 per
compute node plus $200 in maintenance per year per node, the
total cost in three years is $160,000 for a cluster containing 100
compute nodes or $53,000 per year. Using cloud computing, for
$0.1 per CPU-h with additional 5% of storage and data trans-
fer, the total cost is only $10,500 per year. This is about 80%
cheaper compared to the cost of $53,000 for regular computing
hardware.”

3.1. Cloud computing in radiotherapy

There are studies on the applications of cloud computing
technology on dose calculations in radiation treatment plan-
ning. This takes advantage of parallel processing in the cloud
using flexible number of compute nodes. Wang et al. per-
formed a Monte Carlo dose calculation using photon and
electron beams on a cloud computing infrastructure.’® They
used the EGS5 Monte Carlo code!” and proved that the output
of cloud-based simulations is identical to the single-threaded
implementation. They, therefore, concluded that cloud com-
puting can provide high performance parallel processing in
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dose calculation for radiation treatment planning. On the
other hand, Poole et al. described their implementation of
cloud computing in dose calculation using the GEANT4 Monte
Carlo code.'® They examined the simulation completion time
and found that it decreased as 1/n, where n is the number
of parallel machines. Poole et al. demonstrated that cloud
computing can be used in rapid Monte Carlo dose calculation
without the need for local computer hardware in radiotherapy.
Chow carried out a study on implementing cloud computing
in preclinical radiation treatment planning.'® The infrastruc-
ture of the treatment planning system in the cloud using
the Monte Carlo method as a dose calculation engine was
explored, with a test of the dose computing time against the
number of compute nodes. The EGSnrc Monte Carlo code?®
was used and it was found that the computing time does
not increase proportionally to the number of compute nodes,
but there exists an optimization point beyond which further
increase in the number of compute nodes would not decrease
the computing time effectively. Chow also examined the per-
formance of 4D radiation treatment planning using Monte
Carlo simulation on the cloud.”’ Chow evaluated the plan-
ning performance through optimizations of the number of
compute nodes, number of computed tomography image sets
and dose construction time in image voxel tracking. It is
found that the dependence of computing time on the num-
ber of nodes was affected by the diminishing return of the
number of nodes selected in Monte Carlo simulations. Further-
more, a web application called CloudMC running on the cloud
platform was developed by Miras et al.?’ using the Window
Azure™, Miras et al. tested the CloudMC using the Penelope
Monte Carlo code?® and found that the Monte Carlo comput-
ing time decreased with the number of instances following
Amdahl’s law.>* They concluded cloud computing will play a
significant role in radiation dose calculation using Monte Carlo
simulation. For radiation treatment planning considering both
the dose calculation and plan optimization, Na et al.> estab-
lished a cloud computing infrastructure using Amazon EC2™,
Their cloud computing environment can speed up in about
14-fold for dose kernel calculation and plan optimization in
different cancer treatment sites such as head-and-neck, lung
and prostate. They concluded that their web-based treatment
planning system can substantially improve the inverse plan-
ning speed. Lai et al. introduced a new cloud service model
called knowledge as a service (KaaS) that can be applied in
radiotherapy.?® They used a case study of medical service
industry in China to demonstrate that their suggested Kaa$S
model can provide the best practices through collaboration
activated among the radiation treatment, molecular imaging
and knowledge center as platforms to share and access infor-
mation.

3.2.  Ethical and security issues in cloud computing for
radiotherapy

Since the cloud service providers have multiple users, there is
a concern about the privacy and security of transferring and
storing the patient data in the cloud through Internet. The cen-
tral question is to make sure only authorized users can access
patient data. Such data protection issue should be assured by
the service provider based on a written contract. In addition,

a cancer center or hospital providing patient data should
have the right to maintain their ownership of the data. For
example, the service provider has to destroy all patient data
and related backup permanently when instructed by the data
owner. There are laws regarding patient’s privacy, such as the
Health Insurance Portability and Accountability Act (HIPPA)
in the USA, and the Personal Information Protection and Elec-
tronic Documents Act in Canada. The cloud service providers,
such as Amazon, have set up guidelines to assist users for
compliance with the American HIPPA regulations covering
patient data privacy in the USA. On the other hand, from the
technological point of view, more advanced Internet tech-
niques, such as SSL and TLS, are used to provide data transfer
and exchange.?”’ This can increase the level of data protec-
tion. Moreover, different secure VPN protocols, such as PPTP,
L2TP/IPSec, OpenVPN, SSTP and IKE/IKEv2, have been devel-
oped to provide a very high network security between the user
and cloud.?® For data storage, the redundant array of indepen-
dent nodes (RAIN) implemented the redundant/reliable array
of inexpensive/independent disks (RAID) that can provide fully
automated data recovery in the network.?’ This technology
can help the cloud service provider to maintain data security.

4. Big data processing

The rapid advancement of data technology in recent years
has led to a marked decrease of cost and substantial increase
of storage capacity. The bandwidth, reflecting the cost per
megabyte of data storage, is getting larger over time. Still, the
ever increasing requirement of data volume due to the usage
of smartphone and tablet challenges the developments of data
capacity and processing. The innovation of cloud computing
moves the data storage from the user’s local workstation to the
remote cloud maintained by the service provider. This flexi-
ble and new approach based on Internet makes data transfer,
storage and processing very convenient to acquire, and all data
can be accumulated from a general task. The name big data is
therefore used to describe a dataset that is too large and com-
plex to be dealt with by a traditional data processing system.*’
The complexity of big data can be visualized by a 3 “V” model
describing the data growth challenge. The 3 “V” represents
the rapid growth of volume (amount of data), velocity (data
transfer speed) and variety (data type and sources) of data.>?
In radiotherapy, we can find from the patients’ database
treatment planning and dose delivery information, such as
radiation beam settings, dose prescriptions, dose distributions
and dose delivery records. The Electronic Medical Records is an
example of such a patient treatment database.?” We can also
find patients’ image set of different diagnostic and therapeutic
imaging modalities from image databases, such as the Picture
Archiving and Communication System.3* However, the above
clinical data can become even bigger by including genomics,
proteomics and metabolomics information as well as vari-
ous tissue and blood testing results used in chemotherapy.
Apart from the treatment data in radiotherapy, chemother-
apy and surgery, big data in cancer treatment also contain
all information from clinical consultation. This includes data
from pathology, diagnosis, patients’ performance statues and
comorbidities. In addition, big data should have patients’
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records of follow up including clinical assessments, disease
statues, qualities of life and survivals. Application of big data
in radiotherapy would involve data from other treatment
modalities, such as chemotherapy and surgery. Therefore, by
considering all aspects of patients in big data, better treat-
ment outcome can be obtained based on the improved clinical
decision.

4.1. Application of big data in radiotherapy

The application of big data in radiotherapy has many advan-
tages. Deng explored the challenges and opportunities of
using big data in radiotherapy.>* He explained the essential
composition of big data and how it can be applied in radio-
therapy with examples. These included a population-based
study to identify the best strategy in prostate cancer treatment
and the development of a multi-institutional standardized
database for radiotherapy quality assurance. He concluded
that with the continuous progresses of effective and appropri-
ate tools mastering the big data in radiation oncology, better
clinical decision making, and personalize treatment strategy
should be achieved. The improved patient safety and treat-
ment efficacy due to the application of big data can resultin a
more cost-effective healthcare model. Although he predicted
the complexity of the model would gradually be increased
overtime, the exchange process could lead to a rapid knowl-
edge generation in radiotherapy. The applications of big data
in radiation oncology for research, quality assessment and
clinical care were examined by Benedict et al.>> They pointed
out that the traditional multi-institutional clinical trial, which
accounts only for about 3% of all patient data, can greatly
be enhanced by using big data, including the rest of 97% of
so called “dark data”. However, releasing this invisible data
requires a collaboration to enforce a standardized lexicons and
proper curating in routine data mining. Further challenges
in implementing big data in radiotherapy were explored by
Benedict et al. focusing on various data types from multiple
cancer centers/hospitals used in research, quality assessment
and clinical care.*® They suggested using big data to formu-
late a knowledge health management system that can help
and improve patient treatment. Rosenstein et al. illustrated
how big data application could improve the clinical and basic
research in radiotherapy.>’ They discussed different radia-
tion oncology problems where benefits could be achieved by
considering big data. These included cancer sites such as the
head- and-neck, lung, breast, prostate and rectum. They gave
an example of cloud-based informatics infrastructure for data
transfer, quality assurance evaluation and data integration,
and introduced the knowledge-guided radiotherapy, which
applies big data to predict better patient outcome. Coates et al.
focused on big data analytics for prostate radiotherapy.>® They
discussed the data mining of heterogeneous types, such as the
patient-specific clinical parameters, treatment-related dose-
volume metrics and radiobiological risk factors. Using newly
developed computer technologies, such as machine learning
and artificial intelligence, they predicted data analytics would
take an important role in prostate radiotherapy in the future.
Chow proposed a hybrid big data cloud to facilitate radiation
treatment plan evaluation and comparison.’® A web-based
interface was designed to link to the cloud containing different

treatment sites such as the head-and-neck, lung, breast and
prostate. Chow concluded that such an on-growing dynamic
data cloud can help radiotherapy planners in a more accurate
plan evaluation.

4.2. Challenges in application of big data in
radiotherapy

Since application of big data in radiotherapy generally requires
data sharing from multiple cancer centers/hospitals, there are
both technical and business concerns about data adaptabil-
ity, ownership, security, privacy and publishing right. Huser
et al. studied the challenges in big data for radiotherapy and
highlighted issues of data volume, institutional review board,
semantic data integration, databases versus data files and
access to knowledge bases.*? From their investigations on cur-
rent approaches to those challenges, they found that newly
trained data scientists are shifting from data acquisition to
transformation due to the emergence of the data wrangling
concept. Skripcak et al.,, on the other hand, illustrated a big
data framework for international research data exchange in
radiotherapy and oncology.*' They pointed out that data inter-
operability among multiple cancer centers/hospitals is a major
concern. They further explored the challenges of utilization
of standards, data quality and privacy concerns, data owner-
ship, rights to publish, data pooling architecture and storage in
establishing the data pooling model and data exchange strat-
egy. They concluded that creating a specific data exchange
strategy among cancer centers/hospitals is challenging but
feasible. Potters et al. showed how to build up a radiation
oncology learning system.*? They found that the construc-
tion of a system should include a change of philosophy that
quality assurance should use a systematic approach, instead
of replying only on an expert panel. The support from related
hardware vendors and software manufacturers to follow a new
standard for the database is also needed.

5. Machine learning

In radiotherapy, treatment planning involves image set of
patient’s anatomy for radiation beam setup and dose calcula-
tion. There are different image modalities such as computed
tomography, magnetic resonance imaging, single-photon
emission computed tomography and positron emission
tomography. Image processing techniques, such as registra-
tion and deformation, are developing fast to integrate data
from the above image modalities together so that most
updated and detailed information can be produced. In this
process, it would be great to have automatic recognition
of patient’s organs in the treatment system in planning,
and useful to have computing technique such as pat-
tern recognition.*> However, pattern recognition depends on
experts to program a smart algorithm which can solve the
problem. Such an algorithm can be built up by machine learn-
ing using mined data.** The machine is guided (supervised)
or not guided (unsupervised) by the user through continu-
ously feeding new data to a machine learning algorithm and
waiting for the computations to finish. This machine learning
method takes advantage of big data cloud advancement which
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makes big data mining and processing easy. Deep machine
learning or deep learning is a new branch in machine learning
usinga set of algorithms based on complex neural networks.*
The word “deep” reflects the number of layers of the neural
networks used in the learning process. By using some powerful
networks, such as convolutional multi-layer neural network,*®
large scale image recognition task becomes possible through
a series of convolutions, pooling and classification. Although
the scale of data is big and the neutral network containing var-
ious formulas is complex, the availability of cloud computing
makes this novel computer technology possible.

Deep learning used a multiple complex linear map layers to
perform feature learning through high level abstraction mod-
eling from data. As mentioned above, in deep learning, the
handcrafted features with efficient algorithms can be replaced
by semi-supervised or supervised feature learning so that
the machine can learn from the observation automatically.
The observation can be represented by different ways. For an
image, the observation can be converted to vector of intensity
values per pixel, or different sets of edges and shape. This data
will be input into learning architectures constructed by layers
of neural networks composed of neuron representing linear
functions. There are many well developed networks, such as
deep neural networks, convolutional deep neural networks
and recurrent neural networks.*” They have their own char-
acteristics in feature learning. For example, convolution deep
neural networks are popular to be used in graphical deep
learning because it is flexible to handle various image features
in different regions of the image.

The learning process is a continuous linear map optimiza-
tion in neural networks aiming at reducing the deviation
between the computing result and the observation target.
The computing continuously searches for the global minimum
representing the minimum deviation between the result and
target. It can be seen that a lot of observation data can be input
into the machine so as to increase its knowledge to the target.

5.1.  Application of machine learning in radiotherapy

Machine learning was used in treatment planning and stud-
ied by different groups. Petrovic et al. investigated the
knowledge-light adaptation approaches using their suggested
case-based reasoning system in treatment planning.*® They
tested approaches based on machine learning and adaptation-
guided retrieval using brain cancer cases treated with the
3D-conformal technique. They found that neural networks-
based adaptation improved the success rate of the case-based
system by 12%, while the adaptation-guided retrieval of
the case for beam number improved the success rate of
the system by 29%. Based on their results of treatment
plans, they concluded their proposed adaptation methods
can improve the performance of their case-based system
regarding the number of beams but beam angles. Stanhope
et al. presented a knowledge-based technique to find out the
degradations in dose-volume histogram (DVH) for prostate
radiotherapy.® In their work, machine learning of 198 previ-
ously treated patients’ plans were adapted to test patient’s
anatomy to determine the patient-specific DVH ranges using
the single-arc volumetric modulated arc therapy technique.
Plan comparison was carried out among the original DVH,

degraded DVH due to delivery error and predicted DVH from
machine learning. Changes in dosimetric indices from DVH
in terms of figures of merit (FOM) as dosimetric indices
were determined for plan evaluation. They found that their
knowledge-based quality assurance approach allowed cus-
tomized quality assurance criteria specified for treatment
site and institution. Such approach was more sensitive to
errors than the quality assurance criteria traditionally based
on organ complication rates. On the other hand, Chow et al.
suggested using a parameter called dose-volume consistency
to estimate the dose-volume variability of DVH curves in the
treatment plan database.”® They examined the plan quality
consistency between the prostate patients using the inten-
sity modulated radiotherapy and volumetric modulated arc
therapy technique. From the patient data, they found that
a small prostate tumor control probability variation can be
maintained by reducing the dose-volume variability among
the patients. They also concluded that dependences of the
rectal equivalent uniform dose and rectal normal tissue com-
plication probability on the dose-volume consistency were not
significant for both delivery techniques. Using machine learn-
ing, Dean et al. constructed a predictive model of mucositis
in head-and-neck radiotherapy.”®°! They used the support
vector and random forest classification in the model and cal-
culated the normal tissue complication probability and spatial
dose metrics in the treatment. They concluded that reduc-
ing the irradiated volume of the oral cavity may reduce the
chance to have mucositis. Guidi et al. used machine learning
to predict patients who would benefit from adaptive radio-
therapy and replanning intervention.”” Ninety head-and-neck
cancer patients were included in a multicenter dataset. They
developed a machine-learning classifier to analyze dose varia-
tions of parotid glands and used the support vector machines
for the time-series evaluation. They found that replanning
would be required after the 4th week based on the parotid
gland tolerance. Guidi et al. concluded that their decision-
making tool can be applied to overcome adaptive radiotherapy
challenges, because using their tool enables ideal time for
replanning intervention to be predicted. Apart from machine
learning application in treatment planning, Carlson et al.
applied machine learning in prediction of the multi-leaf colli-
mator positional errors.”® They trained the machine by using
the delivered multi-leaf collimator log data. Through compari-
son with the planned collimator data, the machine can predict
the positional error. Carlson et al. found that including such
positional error in the patient specific quality assurance can
increase the accuracy of gamma test by 4.17%. They concluded
that with the help from machine learning, treatment plan-
ner can obtain a more realistic view of dose distribution by
considering the multi-leaf collimator positional error in dose
delivery.

5.2.  Prospective issues of machine learning in
radiotherapy

Although there are some works on the application of machine
learning in radiotherapy, the adoption speed is still slow.
This is due to the lack of understanding in the background,
resource, and technique in the research practice. It should be
noted that machine learning requires training on a machine
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using big data in the cloud. As those Internet computer tech-
nologies are still new to the radiation oncology researchers
who used to conduct traditional clinical trials, studying such
rapidly developing technologies would take time. It will also
take time to select a suitable machine learning method spe-
cific to solving a problem. Experience and skills are therefore
slowly to build up through repeated comparison and vali-
dation using other well-known models.”* However, it is seen
that some popular machine learning models, such as sup-
port vector machine and artificial neural network, have been
used to predict radiotherapy outcome.® This shows that the
machine learning technology is getting matured.

Another issue for the application of machine learning in
radiotherapy is the complex data-mining process. For exam-
ple, calculation of the normal tissue complication probability
and tumor control probability can be enhanced by not only
considering the dosimetric but non-dosimetric data. This non-
clinical data include variables of age, sex and histology, which
are new for the researcher.”® In addition, data mining of
the above information needs to consider the format, privacy,
ownership and security of the source and it is complicated. Itis
desired to have collaboration between multiple cancer centers
and manufacturers to standardize the data collection process
so as to simplify the complexity of data-mining.”’

6. Legal aspects and proposals

Legal aspect, medical software engineering labeling and vali-
dation process before the clinical use of Internet-based service
are challenging to health workers. In radiotherapy, this is par-
ticularly important when certain sub-tasks are outsourced
from the source institution to the service provider, and
legal accountability situation became difficult as none of
the parties has full control of the entire environment. The
security/legal issues can be classified into three categories,
namely: traditional security concerns (e.g. network intrusion
and attack), availability issues (service center downtime and
outage) and third party data control-related issues (legal impli-
cations of data and applications being held by a third party).
Solutions for the security issues can be focused on some
novel security approaches that allow the service provider
to have some control over the user’s data. The proposals
included information-centric security to allow data to be self-
describing and defending, privacy-enhanced intelligence to
further encrypt the data, and implementation of trusted com-
puting to offer a statement of compliance produced by the
monitor.>®

7. Future directions

Cloud computing can provide web-based services to data
storage, application and calculation. It can also provide a
platform for the user to develop their infrastructure and
application. As more and more radiotherapy researchers rec-
ognized the advantages of cloud computing, different studies
have been carried out and reviewed here. These included dose
calculations employing the parallel processing technique, big
data science and knowledge-based quality assurance system

development. The innovation rate of cloud computing has
been very high recently. It can be seen that cloud computing
started to abstract infrastructure and operation processes
from physical to virtual. The innovation of deep machine
learning can convert our research process from analytics to
machine learning using big data. This simplifies the research
process so that results can be acquired faster and be more
accurate. In the future, as cloud computing becomes more
user friendly, researchers without a lot of knowledge on the
complex Internet-based technologies, such as machine learn-
ing, can work easily on the cloud to carry out studies based
on big data. This will require an excellent user interface.

With the rapid development of data-mining technique and
capacity of the cloud, big data processing becomes popu-
lar. In radiotherapy, big data not only includes dosimetric
information, such as the dose distribution, beam setup and
dose prescription, but also non-dosimetric data from other
treatment modalities, such as surgery and chemotherapy. In
addition, it can include data from patient’s consultation and
follow-up. This means that data volume will continue to grow
in the future with accumulation of more patient cases, and
studies on the data allocation and storage will become signif-
icant and urgent. In fact, it is found that some studies may
not need to access all data and perhaps the concept of fast
and actionable data will be focused on.>® To process the data,
tools for data analyze should be improved. User-friendly tool
based on graphical user interface is expected to help users
who have no computer coding experience to build up their
data processing applications.®® Moreover, it should be studied
how to effectively use big data. This involves the data filtering
technique in data-mining.®’ Some other future works like data
privacy and security, real-time decision making and virtual
machine training will continue to develop.

Machine learning has started to analyze patient data in
radiotherapy and proved to be effective compared to the tradi-
tional approach. However, results and decisions made by the
machine may not be understood by the researcher due to a
very complex artificial neural network and algorithm.®? This
may bother the radiotherapy studies because researchers can-
not explain the results based on a model or formula. Itis highly
expected in the future that users can easily and comprehen-
sively access the machine to find out the related algorithm for
the final result. Although there are currently some powerful
algorithms, such as elastic-net, support-vector machine and
neural network in machine learning, more tailor-made algo-
rithms which can be fitted to the radiotherapy patient data
structure should be developed. It can be seen that develop-
ment of a learning mechanism, such as increasing the number
of layers in the neural network in deep machine learning
makes the system more complex. However, it is expected that
the user who does not have knowledge on the underlying
structure of the learning algorithm, can master the virtual
machine easily to produce a useful result for the advancement
of radiation oncology study.®®

8. Conclusion

Recently, Internet-based computer technology such as cloud
computing, big data processing and machine learning have
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Table 1 - Summary of possible outsourced tasks using the internet-based computing technologies in radiotherapy.

Possible outsourced tasks

Main internet-based techniques

References

External beam treatment planning - dose
calculation and plan optimization

Radiation treatment system and delivery

Clinical study based on electronic medical record
and multi-institutional data sharing

Cloud computing

Cloud computing, big data
Cloud computing, big data, machine learning

8,9,15,16,18,19,21,22,25

26,35,36
32,34-39,41,54-57,61,62

Safety and quality improvement in radiation Big data 35,36,42,51
oncology

Pattern recognition in medical imaging Machine learning, big data 46

Treatment planning quality assurance Machine learning, big data 48-50,52

Multi-leaf collimator positional accuracy Machine learning 53

evaluation

been used in radiotherapy study. Although such applications
are still not popular, some preliminary studies have been car-
ried out and reviewed here. A summary of the possible tasks
outsourced to the Internet-based services with related refer-
ences is shown in Table 1. Application of these technologies,
for example, machine learning trained by big data in the cloud,
leads to a knowledge-based system which can make the radi-
ation dose delivery process automatic. There are challenges
to apply these technologies in radiotherapy, such as lack of
personnel who knows both Internet-based technologies and
radiotherapy. Other challenges include collaboration among
multiple institutions for data privacy, security and ownership,
support from the vendors and manufacturers for standard-
ization of the dataset and tools, and verification of the results.
There is a concern that much longer time would need to be
spent on solving the above problems, which makes it challeng-
ing to keep pace with the advancement of the technologies.
However, it has been proved that a knowledge-based system
can benefit the radiotherapy process. Therefore, implemen-
tation of the Internet-based technologies in a cancer center
should start sooner rather than later to keep pace with such
rapid technological progress.
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